In mammals, circadian and daily rhythms influence nearly all aspects of physiology, ranging from behavior to gene expression. Functional molecular clocks have been described in the murine spleen and splenic NK cells. The aim of our study was to investigate the existence of molecular clock mechanisms in other immune cells. Therefore, we measured the circadian changes in gene expression of clock genes ( Per1, Per2, Bmal1, and Clock) and clock-controlled transcription factors (Rev-erba and Dbp) in splenic enriched macrophages, dendritic cells, and B cells in both mice entrained to a light-dark cycle and under constant environmental conditions. Our study reveals the existence of functional molecular clock mechanisms in splenic macrophages, dendritic cells, and B cells.
Introduction
Organisms from cyanobacteria to humans have evolved mechanisms for adapting to environmental changes (e.g. seasonal, temperature, and light intensity) in order to optimize their survival and improve fitness (Bell-Pedersen et al., 2005) . The anticipation of daily light changes manifests as near 24-h oscillations in such biological processes as gene expression and behavior. In mammals, these circadian (daily) rhythms, are set by the master clock located in the suprachiasmatic nucleus (SCN) of the hypothalamus (Ralph et al., 1990) . The SCN is entrained by external light sensed by ganglion cells in the retina and then produces a multitude of neural and hormonal signals that influence sleep, activity, and set the peripheral oscillators throughout the body (Berson, 2007; Buijs et al., 2003; Reppert and Weaver, 2002) . In higher organisms, external cues are unable to reach peripheral cell oscillators; therefore the SCN has to entrain the peripheral clocks through neural and endocrine (e.g. glucocorticoids) pathways (Buijs et al., 2003) . Peripheral oscillators are believed to orchestrate cell-specific circadian physiology and metabolic programs (Hastings et al., 2003) .
The circadian molecular clock mechanism is a transcriptiontranslation-based negative feedback loop comprised of the core clock genes Per (Per1, Per2, and Per3), Cry (Cry1 and Cry2), Clock, and Bmal1. CLOCK and BMAL1 heterodimerize and activate transcription of the Per and Cry genes via E-box mediated binding in their promoter region. The resulting PER and CRY proteins heterodimerize and interact with the CLOCK-BMAL1 complex thereby inhibiting their own transcription (Reppert and Weaver, 2002) . A second negative-feedback loop exists involving REV-ERBa, which some suggest is not an essential component of the clock but rather adds robustness to circadian oscillations as it is a strong repressor of Bmal1 transcription (Preitner et al., 2002) . The entire cycle takes approximately 24 h to complete.
Circadian rhythms affect several aspects of mammalian physiology, ranging from maintaining the sleep/wake cycle and influencing feeding behavior to regulating cell-cycle progression (Saper et al., 2005) . It is becoming increasingly evident that the circadian clock also has a profound influence on immune function as it has been shown that the relative and absolute number of immune cells in the spleen as well as total splenocytes experience circadian fluctuations throughout the daily cycle (Keller et al., 2009) . Previous studies have shown clock genes are rhythmically expressed in immune tissues such as murine lymph nodes, bone marrow and spleen (Arjona and Sarkar, 2006; Chen et al., 2000; Keller et al., 2009 ). Circadian oscillations of clock genes have also been discovered at the cellular level in immune cells such as murine splenic natural killer cells and peritoneal macrophages along with serum entrained bone marrow derived mast cells (Arjona and Sarkar, 2005; Hayashi et al., 2007; Keller et al., 2009; Wang et al., 2011) . 
